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Abstract

In this work, we analyze the publish/subscribe distribuiggstem paradigm over mobile ad hoc networks with respect to
the performance and the impact of different mobility spesdbpatterns of all participants in urban and high-way scena
ios. In order to handle mobility, our publish/subscriberfrawork relies on light-weight publish/subscribe brokevhjch
are chosen in a topic-driven fashion. With the option of gapyic location and waypoint information, we discuss saler
publish/subscribe variants and analyze their advantatjsatlvantages when applied in different mobility envirenin Via
simulations, we measure quality of service in terms of dgfivatio and message delay achieved by such different pub-
lish/subscribe schemes over different scenarios and ihobibdels.

1 Introduction

Publish/subscribe architecture is a group communicatayagigm where information consumers (i®ibscribery and
producers (i.e.publisher3 with mutual interests are linked altogether by publish&ibe intermediate brokers. In pub-
lish/subscribe systems, subscribers specify charattsr their interests (i.e.tppicg to publish/subscribe brokers. Upon
receiving information from publishers, the publish/sulise brokers then filter and deliver information to subsergowhose
interests match the topic and content of the informationbliBl/'subscribe architecture offers several scalabl@gmaes
including time-, space-, and synchronization- decoupitig It allows information to be disseminated from publish&o
subscribers asynchronously without having subscribepsiblishers aware of other communication endpoints. Suchgr
ties allow publish/subscribe systems to become commuaichtckbones in large-scale, dynamic networks.

While most of previous work on publish/subscribe systemgehseen focusing on ensuring reliability and improving
efficiency in publish/subscribe systems over traditionaéd; Internet-based network architecture, there are fewksvon
publish/subscribe systems over wireless, especiallylegsead-hoc networks. Wireless ad-hoc networks possessasev
unigue characteristics that could represent profit towardralrance against publish/subscribe systems. For exammad-
cast medium in wireless networks allow a single messageatchrenultiple recipients with only one transmission. At the
same time, high node mobility in wireless ad hoc networksllgeauses network partition or out-of-date routing imh@-
tion. Current approaches in publish/subscribe systemsresstability of underlying physical network topology, whidoes
not hold in wireless ad hoc networks. For example, one mighttwo build a publish/subscribe system over a vehicular ad
hoc networks (VAN) to distribute traffic information on a higay or local city information in metropolitan area. Anothe
example is a post-disaster recovery operation where resftigers and their vehicles move around the site and share any
event they have found.

In order to achieve efficient, reliable and flexible group cammication and data dissemination over wireless ad hoc
networks, two dynamism problems must be addressegical mobility and physical mobility[2]. Logical mobility is
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application-level mobility caused by communication endfsthat change their information interests. Logical nfigbprob-

lem can be addressed with the traditional publish/subsenbhitecture. On the other hand, the traditional puldidbgcribe
paradigm does not address the problem of physical mobaitych is caused by both communication endpoints and pub-
lish/subscribe intermediate brokers to change their glyfbcations, resulting in topology changes and routekse@he
severity of the physical mobility problem depends on the emgnt speed of nodes in the networks. To our knowledge, such
problem has not been well addressed by current publistdabbgsechnologies. Thus, one might come up with a simple but
non-trivial existential questionls it feasible to implement a reliable publish/subscribsteyn over wireless ad hoc networks?

In order to answer such a question, several sub-problemaimetm be answered. Is current publish/subscribe technol-
ogy, which is designed to address logical mobility, sudfol physically-dynamic wireless ad-hoc networks? Whatloa
potential problems in setting up a traditional publish&eribe system over wireless networks? Can we improve the pub
lish/subscribe system’s performance by the use of GP$pqdinodes in wireless networks? To which extent of mobility
can a publish/subscribe system be sustained? Answerisg theestions would give us a better understanding of how to
develop a reliable publish/subscribe system over wireddssoc networks.

In this paper, we analyze the publish/subscribe distribstestem paradigm over mobile ad hoc networks with respect to
the performance and the impact of different node mobilityesfs in the pub/sub system in urban and high-ways scenarios.
Our work has three contributions. First, we discuss thergiatereliability problems in publish/subscribe systemsiowire-
less ad hoc networks. Second, we discuss several designatites of publish/subscribe frameworks to solve the iitgbi
problem. Finally, we perform extensive evaluation via daions to investigate the feasibility of creating publ&@ibscribe
systems over several scenarios of wireless ad hoc networks.

The rest of this paper is organized as follows. Section 2gussmodel and assumptions used in our work. Section 3
describes the basic ideas of our design alternatives ofghiblibscribe systems. Section 4 illustrates our pulsiigigcribe
systems in several scenarios. Section 5 shows the expddahmenults. Section 6 discusses some related works on pub-
lish/subscribe systems over wireless ad hoc networkslIfigection 7 concludes the paper.

2 System Model and Assumptions
Our work assumes the following model and assumptions.

Network Model We model the system as a wireless ad hoc network consistimglymobile nodes that are free to move
independently. We do not assume any fixed infrastructurey. dta will be routed from its source node through interme-
diate nodes to the destination node using wireless ad hdmgoprotocols. In this paper, we assume all communications
to be between nodes within the ad hoc network. However, impdifications can be made to combine our system with
infrastructure-based networks.

Node Model Each node is equipped with a GPS device, which enables erfghta obtain its current geographical loca-
tion. Each node has its own unique identifier. In this paperfecus on performance aspects of publish/subscribe sgstem
such as delivery ratio and delay. Hence, we do not focus arriggaspects such as confidentiality and integrity of mgesa
Several existing techniques such as node certificates anenkaeyptions can be used to address such issues and aredbeyon
the scope of this paper.

Publish/Subscribe ModelEach node can be eithersaibscribey a publisher or both. We do not assume static pub-
lish/subscribe broker infrastructure. We also assumeeriiiased publish/subscribe model, where a policy is &ssoc
with each published event, and each client embetipi of interest and a filter predicate along with its subscriptié\
published event will be delivered to a subscriber if and dhlgll of these conditions are true : 1) the topic of the event
matches the topic that subscriber specified in its subsmnip?) the content of the event satisfies the filter predispéified
in the subscriber’s subscription, and 3) the subscribelfitas attributes which satisfies the access control pelicgedded
with that event.

3 Design Alternatives in Publish/Subscribe System

In this section, we discuss main ideas and basic operatiboarcseveral design alternatives in our publish/subscribe
system. The main focus of our work is to increase system'ditgua service in terms of message reliability under the
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(a) Four subscribers and one publisher arglm)- Subscribers send subscriptions to the l§o)- The publisher publishes an event to the
terested in topie ker node broker node, which then evaluates policy and
deliver event to eligible recipients.

Figure 1. Basic operations of the broker-mode geographic-b ased publish/subscribe system. There
are 4 subscribers ( Sy, S, S3,54) and 1 publisher ( P;) whose topic of interestis 7. Only S3 and S have
predicates that match the content of event e. All point-to-point communications are carried on by
geographic-based ad hoc routing protocol.

presence of node mobility. We present analysis on sevesaidehoices, which will be validated in Section 5
3.1 Routing Protocols

A publish/subscribe protocol can rely on different routprgtocols. We will investigate two different routing pretis,
GPSR [3] and AODV [4], for the publish/subscribe systemsgéographic-based routing protocol, the destination ndde o
any message is specified by its node identifier angatsgraphical coordinateUsing periodic beaconing scheme, each node
maintains geographic locations of itself and its one-hoight®ors. In normal operations, the routing is performechgsi
greedy forwardingas follows. Upon receiving any packet, a receiving node igh a neighbor whose location is closest
to the final location specified in the packet, and forwardspheket to that neighbor. In some circumstances, howewer, th
receiving node itself is the node closest to the destinatind thus the receiving node cannot perform greedy formgrdn
such situations, special heuristics must be used to roatpabket away from the local maxima towards the final destinat
For example, when the greedy forwarding mode is not apdicabe forwarding node in GPSR protocol will switch its
operation toperimetermode, which will route the packet counter-clockwise arotimvoid (the area in which the greedy
forwarding mode is not effective) until the packet escapeddcal maxima or the packet return to the same forwardinigno
In the latter case, that packet will be dropped, since thérdg®on node does not locate at the position specified ipduoket.

A publish/subscribe system can leverage the use of geoigrpked routing protocols, specifically GPSR, to route all
application-level messages (i.e. advertisements, sipisers, published events) to their intended receiversm@ared
to traditional node-based wireless ad hoc routing promyapographic-based routing protocols are more resileenbtle
mobility as the routing path of each message is not fixed asde+based wireless ad hoc routing protocols such as AODV.
However, AODV is a reactive, on-demand, node-based rogtiatpcol. Whenever a node wants to send a message, it floods
the route request to find the path to the destination. Theifigoalverhead is reduced by route caching.

3.2 Peer-based Policy Decision Point

Since we do not assume any dedicated publish/subscriberirdkastructure due to high overhead in maintenance, the
responsibility for evaluating policy of each message megtlaced at mobile nodes in a peer-to-peer manner. Thereare t
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(a) Four subscribers and one publisher arglm)- Subscribers send subscriptions to the (eh-The publisher evaluates policy with the
terested in topie dezvous node. The publisher sends the aatained subscription list and sends the event
vertisement to rendezvous node, which thirectly to the subscribers
sends back the subscription list back to the
publisher

Figure 2. Basic operations of the rendezvous-mode geograph ic-based publish/subscribe system.
There are 4 subscribers ( Sy, S2, S3,S4) and 1 publisher ( P;) whose topic of interestis 7. Only S3 and
S, have predicates that match the content of event e. All point-to-point communications are carried

on by geographic-based ad hoc routing protocol.

viable alternatives we discuss in this paper. The first agoghrds called thérokerapproach and the second approach is called
therendezvouspproach. The two approaches are different in where theypelialuation is performed.

3.2.1 Broker-based Publish/Subscribe System

In the broker-based publish/subscribe system, each eblisill relay a published event to subscribers whose istere
matches its publishing topic through one or mbreker nodes. A broker node is a mobile node which matches / for-
wards events obtained from publishers to appropriate sibless. A broker node can be any arbitrary node. However, to
ensure validity of the publish/subscribe protocol, puidis and subscribers who share the same topic must seleastbhe
common broker. The process to select the broker for each tapibe discussed in Section 3.3.

In the broker-based publish/subscribe system, each sbhbsgrriodically sends a subscription message contaitsng
identifier, its topic of interest, and its geographical ma. Upon receiving a subscription, a broker stores thesstjption
in its database. Whenever a publisher publishes an evesgnids the published event to its chosen broker nodes. The
broker nodes then perform policy evaluation with the eaddsetiption in the broker’s database, one by one. If a subscsi
attributes satisfy the policy, the broker nodes send thesaggsdirectly to the subscriber using the geographic-basgithg
protocol.

3.2.2 Rendezvous-based Publish/Subscribe System

In contrast to the broker-based publish/subscribe systieenpolicy evaluation in the rendezvous-based publisistsite
system is done at the publisher side. When a publisher wanpsitilish an event, it performs the policy evaluation to
the list of subscriptions obtained frorandezvousiodes and sends the event directly to the subscriber. Tdhgdist of
interested subscribers, a publisher periodically sent®rtisemenmessage to selected rendezvous nodes. Upon receiving
an advertisement from a publisher, a rendezvous node pesftwpic matching (without policy evaluation) between the
advertisement and the set of subscriptions that rendezvads has received, and sends the list of subscriptions tth t
same topic back to the advertising publisher. Thus, theaarmilis node acts as a directory service for each publisher to



retrieve the list of subscribers that share the common tofpicterest. Similar to the broker-based publish/subscsiystem,
publishers and subscribers who share the same topic musahast one common rendezvous node.

Since each publisher in the rendezvous-based publistisbesystem can send the event message directly to each sub-
scriber without the need for forwarding brokers, the rendes-based publish/subscribe system tends to consumesleds
width resource and have less delivery latency than the Ipio&sed publish/subscribe system. However, the rendezvased
publish/subscribe system is more sensitive to node mylsilitce each subscription takes longer time to arrive at tieyp
evaluation node.

3.3 Broker/Rendezvous Node Selection

To ensure validity of the publish/subscribe system, phlis and subscribers with the same topic must share at least o
common broker / rendezvous nhode. One simple selectioniggodto achieve such goali®de-based techniquehich uses
a globally definedhash functiorto hash the topic into node identifier and usmle whose identifier is closest to the hashed
valueto become the broker / rendezvous node of that topic. HoweaMecation of the node whose identifier closest to the
hashed value must be obtained using a separate locationd@ystem to route the subscriptions and advertisemertsito t
node.

Another approach is to use tgeographic-based technigoéthe hash function scheme as follows. Every node possesses
two globally defined hash function&,, andH,, which use topic as an input and return geographic coorelinat-axis and
y-axis respectively. A subscriber or publisher with topiérderestr will periodically send subscriptions or advertisements
to location(H,(7), Hy(7)). A node whose current location closest{fd, (), H, (7)) will act as a broker / rendezvous node
of topic 7. This approach utilizes the benefit of geographic-basetimgyrotocol without the need for separate location
lookup system. The following subsection will show the ex#ergd operations in our publish/subscribe system.

3.4 Basic Operations

To illustrate the basic operations of the publish/subscsistem with geographic-based variant, Figure 1 showsam-ex
ple of the broker-based publish/subscribe system congisfia publisher ;) and four subscriberss(,S>,53,54) sharing a
common topicr. Each subscriber periodically sends the subscriptionifypeg the topic of interest and the filtering pred-
icate to the locatioH,(7), Hy(7)). Using GPSR routing protocol, the subscription will be exlito the node3; whose
location is closest t0H (1), H,(7)). B: then becomes a broker for topic Once receiving subscriptioss, sz, ss, s4, B1
stores those subscriptions in its subscription table. &qiently, publisheP; publishes an evemtwith topic 7. The event
is then routed to the same locatioH (), H, (7)) and captured bys;. By, which then performs the policy evaluation and
deliverse to interested subscribers. We assume that Splsind S, are subscribers whose predicates match the contentin

As well as the broker-based publish/subscribe system r&igishows the same scenario in the rendezvous-based pub-
lish/subscribe system. In addition to periodic subsaripgisent by each subscriber, the publishealso periodically sends
the advertisement to keep itself updated with the current subscription listhwvtopic . When P; publishes an even, it
can perform the policy evaluation and send the event diréxtb; and.S,.

It should be noted that the operations of node-based puflishcribe systems are similar to geographic-based varian
except that the topic of interest is hashed into node identifistead. A node-based routing protocol (such as DSR or
AODV) is then used as an underlying point-to-point commatian mechanism. Hence, unless a failure occurs, the broker
/ rendezvous node of a topic is fixed over time in node-basétighisubscribe systems. On the other hand, the broker /
rendezvous node of a topic can change over time due to nodgityob

Any logical mobility in the system will be handled by sofat information handling. Using periodic subscriptions, a
new broker / rendezvous node will receive the subscriptfoor® interested subscriber. Any subscriber who fails todsen
the subscription to the broker/rendezvous node will be resddrom the broker/rendezvous node’s subscription ligigis
time-out mechanism. With this approach, there is no needtwster any state from the old rendezvous node to the new one.
Also any failures occurred to subscribers or rendezvoussadll not disrupt the publish/subscribe service.

3.5 Proximity Broker / Rendezvous Node Selection in Geogrdyic-based Publish/Subscribe Systems
In the basic approach of the geographic-based publistggbessystem, the node whose geographic location closest to

the hashed coordinate values of a topic will become the brbkendezvous node of that topic. In the scenarios where
node density and node mobility is high, such basic approacitddead to frequent broker / rendezvous changes or even
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Figure 3. Mobility scenario maps

oscillations, which can cause each event to be deliveredlyopartial set of interested subscribers. To address suddility
issue, we use the conceptmbximity broker / rendezvous node selectibat allows any node in the proximity of the hashed
coordinate values to become broker / rendezvous node. Qastlra taken, however, to prevent duplicate event delivery a
subscribers. The proximity broker / rendezvous node deleit done as follows.

In a broker-based publish/subscribe system, when a bbdeceives a subscription with topic = and hashed desti-
nation location(H,(7), H, (7)), andU’s geographical location is within globally predefined diste X’ from coordinate
(Hz(7),Hy(1)), U then captures the subscriptierand broadcast to all of its neighbors. Upon receiving the broadcast
of s, each ofU’s neighbors also storesin its database. When a nodfereceives an everntwith topic 7 and finds that its
location is within K from e’s hashed destinatiof¥, captures: (without broadcasting) and processewith its subscription
database. By settingf to an appropriate value (i.d{ = radio transmission range divided by 2), all nodes withirgeai
from coordinatg H, (1), H, (7)) will receive all subscriptions with topie. Moreover, only one of such nodes will process
each event with topie with the complete subscription list.

As well as the broker-based publish/subscribe systematine procedure applies to a rendezvous-based publishftesc
system, but with proximity advertisement processing mdt@f proximity event processing. Each event will still begessed
at its source publisher, but a publisher will receive a stipson list from any but only one node within randé from the
hashed coordinate.

3.6 Geographic-based Publish/Subscribe Systems with Wagimt Information

As described in Section 3.3, the basic concept of geograpised broker node selection is to hash the topic of interest
into a two-dimension coordinate. However, such a basicraeh@an suffer from scenarios where geographic distribuifon
nodes is not uniform. For example, nodes that participategablish/subscribe system in a highway will always follbw t
highway path only. Thus, hashing the topic uniformly willldesly to return a geographic location that is not in the higly
track, causing the geographic routing protocol to routesagss to a void location. In high-mobility scenarios, suttesne
could lead to significant performance degradation.

With additional waypoint information (i.e. road maps), dtbegeographic-based broker node selection scheme can be
done by hashing the topic only into a coordinate in the wayftnack. One simple way to do so is to use the basic uniform
hash function to hash the topic into a coordinate, and thensdnthe waypoint that is closest to the hashed coordindbeas
home zone of that topic. Hashing to waypoint can reduce tlsipility to map a topic into void areas, increasing reliaibi
of event delivery.

4 Scenarios

We envision the use of our approaches in several applicatienarios. Here, we present two of such scenarios and how
the geographic-based and node-based publish/subscstegrsycan be applied to them.



Parameters

Highway Traffic Report

Police Surveillance

#Nodes
Mobility model
Speed (m/s)
Message size (bytes)
Publish interval (secs)
#Topics
#Publishers per topic
#Subscribers per topig

60
Freeway (Figure 3(a))
10 - 60

512
10
2
1
9

60
Manhattan (Figure 3(b)),
1-20

1024
10
6
2
5

Table 1. Simulation Parameters

Scenario 1 : Highway Traffic Reporting : A geographic-based publish/subscribe system can be wsezhort traffic
condition in a highway. In this scenario, each publishenislaicle which periodically measures its speed and locatach
information can be sent to subscribers, which are othercleshin order to allow them to know the traffic condition at the
publisher’s location. Different subscribers may be insézd in different event conditions. For example, a subscrikhicle
may be interested to receive events indicating that thedspkthe vehicle in the another highway is more than a threkshol
(e.g. a better path to switch) while another subscribertex@sted in events indicating that the speed of the vehictadin
the same direction has dropped to zero (e.g. an accidendphea

It can be seen that the highway traffic reporting scenariactiethe freeway mobility model. Each node in the highway
moves with high speed but with the same direction. Figurg @&picts one example of freeway maps.

Scenario 2 : Police Surveillance in Metropolitan Area: Another scenario to which the publish/subscribe systembea
applied is police surveillance in metropolitan area. Inhsecenario, a publisher is a cooperative vehicle that repmy
accident or criminal activity that vehicle encounters. Adstriber is a police car patrolling around the city. In thase, the
publisher reports its location, time, type and severityhaf ¢vent it encounters. Each subscriber may have diffantareists
in receiving events of different types or different sewerit

The police surveillance scenario then can be modeled as aaftan network. Each node’s mobility is relatively lower
than the freeway model, since each vehicle’s speed is ihiita city. Figure 3(b) shows an example of Manhattan network
maps.

5 Evaluation Results

We evaluate our publish/subscribe systems via simulatiodsr two scenarios described in Section 4 using NS-2 n&twor
simulator tool [5]. We compare performance between gedgcapased approach on top of GPSR [3] and the node-based
publish/subscribe system on top of AODV [4] ad hoc routingtpcol. Furthermore, the geographic-based approach is
divided into basic variant and waypoint variant (describedection 3.6). Hence, there are totally six publish/stibsc
schemes tested in the simulation : rendezvous-node-baseht/(denoted by R-AODV), rendezvous-basic-geographic
based variant (denoted by R-GPSR(no map)), rendezvoupeairgygeographic-based variant (denoted by R-GPSR(with
map)), broker-node-based variant (denoted by B-AODV)keérdasic-geographic-based variant (denoted by B-GRSR(n
map)), and broker-waypoint-geographic-based variantqtésl by B-GPSR(with map)). In each simulation, each stsicr
node sends a subscription message every second. Eacht&mulen for 900 seconds. The performance is then measured
in terms of delivery reliability, end-to-end delay, and tiog-level message load. Each result presented in thisrpsplee
averages from three simulations with three different seeds
Event Delivery Reliability : Figure 4(a) and Figure 5(a) shows the delivery reliabdityhe six schemes in freeway mobility
scenario and Manhattan mobility scenario respectively.séen from the figures, geographic-based variants with@ut th
waypoint extension yield very low reliability in both sceites since most topics are hashed to void regions. However,
adding the waypoint extension increase reliability in gaphic-based variants significantly because hashing g¢apio
waypoint locations ensures no void destination. In modirgst, broker-waypoint-geographic-based variant giheshtest
reliability among all variants. In addition, the rendezsayeographic-based variants are more sensitive to mpbéitause
the subscribers’ location information gets stale morekjyic
End-to-end Event Delivery Delay Figure 4(b) and Figure 5(b) show the average end-to-endedgldelay of the six
schemes in freeway mobility scenario and Manhattan mglsidienario respectively. The graph indicates the stalpifityplem
in GPSR routing protocol without waypoint information, sinpackets spend most of the time to escape the void. On the
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Figure 4. Freeway mobility scenario
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Figure 5. Manhattan mobility scenario

other hand, the AODV variants give relatively lower delagewhen the mobility is high. The rendezvous-geographic-
based schemes are most sensitive to mobility because & talatively longer time to send the subscribers’ locatitins

the publisher before an event can be sent from the publist@wever, unlike other geographic-based schemes, the broke
waypoint-geographic-based scheme give relatively smddizy.

Per-node Message LoadFigure 4(c) and Figure 5(c) show the average per-nodengukivel bandwidth consumption of

the six schemes in freeway mobility scenario and Manhattahbility scenario respectively. It can be seen that, by dijera
the bandwidth consumed by proactive geographic-basedrshare much more that one consumed by reactive node-based
schemes. This is because periodic beacon messages useddtiyir scheme. However, we expect the difference to be less
significant as the system load increases. In both scen#tmbroker-based scheme consumes less bandwidth sincérao ex
topic advertisements needs to be sent from publishers telso

6 Related Work

Most of the previous works on publish/subscribe system8][Bave been focusing on increasing reliability and efficien
in publish/subscribe systems over traditional fixed irtfiacture networks (i.e. Internet). Such systems do notidens
physical mobility issue, which arises in wireless ad hoewoeks. [10] discusses techniques to map a logical publisissribe
broker tree in physical wireless ad hoc network. Howeved] Hissume the ad hoc network to have low mobility and long
pause time. [2] propose a publish/subscribe frameworkatiditess the mobility of client with the assumption of fixedkar
infrastructure. [11] presents a publish/subscribe systenop of completely ad hoc networks but they assume sulessrib
be interested in topics in their close proximity.

With the use of global positioning systems (GPS) and geducapased routing protocols such as GPSR [3], a new
paradigm of binding information to a geographical locatiostead of a mobile node has spawned several applications fo
wireless ad hoc networks. For example, [12] propose a gebgralistributed hash table on top of GPSR routing protocol.
Our geographic-based publish/subscribe system religseosame approach, but in the context of publish/subscritess.
Another use of geographic location to improve quality ofvgsr in publish/subscribe systems can be found in [13]. In



contrast to [13] that divides area into cells and route ngessalong adjacent cell, our work uses GPSR to route messages
directly, which is guaranteed to be able to route any messidgeath between sender and receiver exists.

7 Conclusion

In this paper, we discussed the mapping of publish/subsgritvadigm into wireless ad hoc networks and its potential
problem. We justified several design alternatives (gedtycapased V.S. node-based routing protocol, rendezvasseh
V.S. broker-based event matching, with V.S. without waypaiformation) along with their advantages/disadvansadeé-
nally, we performed comparative evaluations of such séypetalish/subscribe schemes in Freeway and Manhattan ityobil
model. The results indicated that the node-based puhlisbésibe schemes perform generally better than their gebdg-
based counterparts. However, incorporating waypointrinédion into geographic-based schemes significantly ingso
performance. In conclusion, the publish/subscribe pgradian be applied to wireless ad-hoc network under various mo
bility models. Moreover, additional location and waypdimformation can further improve the performance of the exyst
regardless of mobility speed and pattern.
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